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ABSTRACT 
N-methylmorpholine N-oxide and silver oxide (Ag2O) oxidized four 
component reaction for the preparation of pyranopyrazole with 
different substituted pattern have been developed which provides 
rapid access to a library of compounds in good to excellent yields 
by using benzyl halide, malanonitrile/ethyl cyanoacetate, 
diethylacetylenedicarboxylate/ethyl acetoacetate and hydrazine 
hydrate as reactants. This transformation involves the breaking of 
one C‒O bond and formation of 2 C–C, 2 C–N, and a C‒O bond 
leading to the formation of a five and six membered ring in one pot 
operation.  
GRAPHICAL ABSTRACT 
ARTICLE HISTORY 
Received 25 June 2017   
KEYWORDS  
Multi component reactions; 
N-methylmorpholine 
N-oxide; pyran; 
pyranopyrazole; pyrazole; 
silver oxide  
Introduction 
Pollution free world is a today’s main challenge for scientists. Therefore, synthetic organic 
chemists focused their attention toward designing reactions by following the principles of 
green chemistry.[1] This has been achieved by solvent free reaction conditions that eliminates 
the use of hazardous solvents.[2] Multicomponent reactions are also eco-friendly and 
efficient green tools as they offer significant advantage such as minimization of waste.[3–8] 
Aldehydes are one of the most important substrates in variety of multicomponent 
reactions (MCRs). They are toxic and unstable because of aerial oxidation and polymeriza-
tion. Hence, their impurities hinder the chemical reactions.[9] 
Pyranopyrazole heterocyclic building blocks are of great importance in synthetic and 
medicinal chemistry. Both pyrazole and pyran are cyclic structural units found in many 
natural and synthetic products that exhibit a wide range of biological activities.[10] It is 
also pertinent to note that pyranopyrazole derivatives displayed anti-inflammatory,[11] 
antihypertensive,[12] anticancer,[13] antimicrobial,[14] antifungal,[15] and insecticidal 
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activities.[16] Many commercially available drugs (Fig. 1) including celecoxib (anti- 
inflammatory), sulfaphenazole (antibacterial), mepiprazole (antidepressant), and 
rimonabant (antiobesity) are derived from pyrazole core entities.[17] 
Because of their useful biological activities and exceptional pharmacological properties, 
pyranopyrazole derivatives have attracted much attention in synthetic and medicinal 
chemistry. In recent years, few synthetic procedures for synthesis of pyranopyrazoles 
have been well documented in the literature[18–25] among which the four component, 
one pot synthesis of pyranopyrazole from benzaldehyde, malanonitrile, dimethyl acetylene-
dicarboxylate and hydrazine hydrate is one versatile methodology. In the past years, a few 
methods have described the one-pot multicomponent synthesis of pyranopyrazole 
based on catalysts such as 1,4-diazabicyclo[2.2.2]octane (DABCO),[26] cinchona alkaloid[27] 
and many other.[28–42] These methods suffer from one or more disadvantages such as the 
use of toxic catalysts, inconsistent and poor yields and tedious workup. Hence, the devel-
opment of a simple and high yielding environmentally kind procedure for the one-pot 
synthesis of pyranopyrazole derivatives is still reasonable. 
N-methylmorpholine N-oxide (NMO) has received increasing attention as an inexpensive, 
non-toxic and readily available oxidizing agent for the synthesis of many organic 
compounds.[43–46] Alkynes serve as an important synthons besides being the subunits of myr-
iad organic compounds. Recently many reports have appeared on the utility of intra and inter 
molecular cyclization of alkynes in the construction of heterocycles such as (i) imidazoles,[47] 
(ii) aminoindolizines,[48] (iii) pyrrolines,[49] (iv) iminocoumarins,[50] (v) benzodiazepines,[51] 
(vi) spirolactones,[52] (vii) diazepines,[53] (viii) furans,[54] (ix) phenanthrenes,[55] (x) 
pyrroles,[56] (xi) pyridines,[57] (xii) indolizines,[58] and (xiii) quinolines.[59] 
The pyranopyrazole skeleton has been assembled by the intermolecular cyclization of 
benzyl halide, malanonitrile/ethyl cyanoacetate, diethylacetylenedicarboxylate (DEAD)/ethyl 
acetoacetate (EAA) and hydrazine hydrate in the presence of NMO and silver oxide. To the 
best of our knowledge, this is the first example of synthesis of dihydropyrano[2,3-c]pyrazole 
derivatives directly from benzyl halides in multicomponent reaction. 
Figure 1. Commercially available pyrazole-derived scaffolds.  
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Results and discussion 
In the present work, we have initially studied the model reaction of one equivalent each of 
2,6-dichlorobenzyl bromide 1a, malononitrile 2a, diethyl acetylenedicarboxylate 3a, and 
hydrazine hydrate 4 in the presence of NMO and silver oxide in methanol solvent under 
reflux condition for 90 min which afforded compound 5a in 70% yield. The presence of 
Ag2O was crucial because in its absence the reaction failed and little excess of NMO and 
silver oxide increases the reaction rate. Further, ethanol as solvent proved to be superior 
because the amine base showed better results when the MCR was performed in ethanol 
than any other solvents (Table 1). 
The temperature effect on the product 5a was investigated systemically under 30, 40, 50, 
60, 70, and 78 °C (reflux) in ethanol solvent. The yield reduced when the reaction 
proceeded toward lower temperature. Thus, reflux condition (Scheme 1) was chosen as 
the best temperature for the preparation of 5a. The time taken to achieve complete 
conversion (monitored by TLC) and the isolated yields are recorded (Table 2). 
A number of structurally diverse benzyl halides were then screened for studying the 
generality as well as the efficacy of this present procedure. Both electron donating and 
electron withdrawing benzyl halides were examined and the reaction proceeded with both 
of them. We also found that ethyl cyanoacetate instead of malanonitrile could also be 
used to synthesize pyranopyrazoles successfully with excellent yields. EAA was applied 
in the reaction instead of diethyl acetylenedicarboxylate, which successfully led to the 
corresponding pyranopyrazoles in good yields. In general, the overall yield ranged from 
92% for ethyl 6-amino-5-cyano-4-(4-nitrophenyl)-2,4-dihydropyrano[2,3-c]pyrazole- 
3-carboxylate (5f) (entry 6) to 84% for 6-amino-4-(4-hydroxyphenyl)-3-methyl-2,4- 
dihydropyrano[2,3-c]pyrazole-5-carbonitrile (5k) (entry 11). 
Although we have not established the mechanism of reaction experimentally, a plausible 
explanation is proposed in Scheme 2 on the basis of the literature.[60–62] In the first step, 
Table 1. Solvent screening for the four component synthesis of (5a). 
Entry Solvents Time (min) Yield (%)   
1 Toluene 95 28  
2 CHCl3 95 35  
3 Dioxane 90 32  
4 THF 80 55  
5 Ethanol 60 90  
6 Acetonitrile 75 86  
7 DMF 80 78  
8 H2O 80 68  
9 CH3COOH 80 65  
10 Methanol 90 70 
DMF, dimethylformamide; THF, tetrahydrofuran.   
Scheme 1. Synthesis of highly functionalized pyranopyrazole (5a).  
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Table 2. Scope of synthesis of pyranopyrazole derivatives (5a–n). 
Entry 
Benzyl  
halides 
Active methylene  
compounds Esters Hydrazine Products 
Time  
(min) 
Yield  
(%)  
1 NH2   NH2
4 
60  90 
2 NH2   NH2
4 
90  85 
3 NH2   NH2
4 
70  90 
4 NH2   NH2
4 
70  88 
5 NH2   NH2
4 
80  85 
6 NH2   NH2
4 
70  92   
(Continued) 
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Table 2. Continued. 
Entry 
Benzyl  
halides 
Active methylene  
compounds Esters Hydrazine Products 
Time  
(min) 
Yield  
(%) 
7 NH2   NH2
4 
80  87 
8 NH2   NH2
4 
80  88 
9 NH2   NH2
4 
80  88 
10 NH2   NH2
4 
75  90 
11 NH2   NH2
4 
90  84 
12 NH2   NH2
4 
80  88 
13 NH2   NH2
4 
85  90   
(Continued) 
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silver oxide assists the heterolysis of the carbon–halogen bond in the substitution reaction 
with NMO. The resulting silver oxide ion from the reaction between halogen and silver 
oxide then acts as the base in the elimination of benzaldehyde giving N-methylmorpholine, 
which in turn, in the second step would able to base catalyze Knoevenagel condensation 
between aldehyde and malanonitrile gives the cyanocinnamonitrile (1). The third step is 
the formation of pyrazolone (2) from the condensation of EAA and hydrazine. In the 
fourth step, Michael addition of pyrazolone (2) on cyanocinnamonitrile (1) to produce 
Table 2. Continued. 
Entry 
Benzyl  
halides 
Active methylene  
compounds Esters Hydrazine Products 
Time  
(min) 
Yield  
(%) 
14 NH2   NH2
4 
80  90   
Scheme 2. A plausible reaction mechanism for the formation of pyranopyrazole derivatives.  
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by intermediate (3), which undergoes intra molecular cyclization by the nucleophilic 
addition of enolate oxygen to nitrile group to generate intermediate (4). Finally, the 
tautomerization of intermediate (4) gave dihydropyrano[2,3-c]pyrazoles (5a–n). 
Conclusion 
In short, we have developed an efficient protocol for the preparation of pyranopyrazoles 
through a four component reaction from benzyl halides, malanonitrile/ethyl cyanoacetate, 
DEAD/EAA, and hydrazine hydrate in the presence of NMO–Ag2O. This domino reaction 
implies Knoevenagel condensation, Michael addition, intramolecular cyclization and 
tautomerization. The mild reaction conditions, operational simplicity, broad functional 
group tolerance and excellent yields are the main advantages of this protocol. 
Experimental 
General information 
Melting points were measured on an electric melting point apparatus. Elemental analysis 
for C, H, and N were performed using an Elemental Vario Micro Cube Rapid Analyzer. 
IR spectra were recorded on a Agilent Cary 630 FT-IR Spectrometer. 1H NMR (400 MHz) 
and 13C NMR (100 MHz) spectra were obtained in DMSO-d6 as solvent and TMS as an 
internal standard using Bruker spectrometer. Chemical shifts were expressed in part per 
million (ppm). Mass spectra were recorded on a LC-MS Thermo LCQ Fleet. 
Typical procedure for the synthesis of ethyl 6-amino-5-cyano-4-(2,6- 
dichlorophenyl)-2,4-dihydropyrano[2,3-c]pyrazole-3-carboxylate (5a) 
N-methylmorpholine N-oxide (110 mg, 1.0 mmol) was added to a stirred solution of 
2,6-dichloro benzyl bromide (200 mg, 0.84 mmol), malanonitrile (50 mg, 0.84 mmol), 
and silver oxide (230 mg, 1.0 mmol) in ethanol (10 mL) taken in a round-bottomed flask 
fitted with a reflux condenser and a guard tube. The resulting reaction mixture was heated 
at reflux condition. After half an hour, hydrazine hydrate (40 mg, 0.84 mmol) and diethyl 
acetylenedicarboxylate (160 mg, 0.8 mmol) were added. The mixture was stirred with a bar 
magnet until completion of the reaction as indicated by TLC. After cooling, the 
solid precipitated from the reaction mixture was filtered, washed with cold ethanol and 
recrystallized from ethanol. 
Ethyl 6-amino-5-cyano-4-(2,6-dichlorophenyl)-2,4-dihydropyrano[2,3-c]pyrazole- 
3-carboxylate (5a) 
White solid; mp 231–232 °C; IR (ATR, cm−1): 3396 (NH2), 3233 (NH), 2201 (CN), 1698 
(C=O); 1H NMR (400 MHz, DMSO-d6): δ ¼ 1.12 (t, J ¼ 8 Hz, 3H, CH3), 3.83 (m, J ¼ 4 Hz, 
2H, CH2), 4.94 (s, 1H, C–H), 7.16–7.86 (m, 5H, 3ArH, and NH2), 11.96 (s, 1H, NH) ppm; 
13C NMR (100 MHz, DMSO-d6): δ ¼ 14.0, 37.0, 53.3, 59.0, 99.5, 114.5, 126.3, 129.5, 129.7, 
130.3, 135.0, 135.2, 142.7, 153.0, 158.4, 161.3 ppm; LCMS (MþH) ¼m/z 379.0; Anal. calcd 
for C16H12Cl2N4O3: C, 50.68; H, 3.19; N, 14.78 found: C, 50.62; H, 3.11; N, 14.72%. 
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